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Lennart Nilsson1,*
1Department of Biosciences and Nutrition,
Karolinska Institutet, Huddinge, SwedenThe intrinsic dynamics of biological
macromolecules covers a wide range
of timescales, which may be adjusted
to adapt to a range of temperatures.
In the 1980s, several biophysical inves-
tigations showed a change in the
dynamical behavior of myoglobin at
a temperature at ~220–230 K (1–3).
This dynamical transition, which
manifests itself in a drastic change of
the temperature dependence of signals
related to the amplitude of atomic mo-
tions within the protein and of thermo-
dynamic properties, has since then
attracted much attention, and it has
been observed in many other proteins,
as well as in both DNA and RNA, in
the same temperature range (4,5). The
functional relevance of the transition
is debated—although the transition
occurs well below the physiological
temperature range, there are reports
that it coincides with the onset of bio-
logical activity in some systems, while
in others there seems to be no such
correlation. Biomolecular properties
at these low temperatures also have
implications for cryo-preservation of
foods and medicines.
Early on it was appreciated that
while dry proteins do not exhibit the
transition, a small degree of hydration,
possibly just a single layer of water
molecules around the protein, is suffi-
cient for the transition to appear. Inter-
estingly there is a dynamical transition
in water at about the same temperature,http://dx.doi.org/10.1016/j.bpj.2015.05.007
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tween water and protein dynamics
(6–8). As yet there is no consensus
regarding the underlying mecha-
nism(s) of these deceivingly simple
observations; several explanations
have been put forward, such as excita-
tion of different classes of motion in
the protein (e.g., an increase in the
number of dihedral transitions, or
motions of specific groups, that are
activated above the transition), the
change in water dynamics, or simply
that motions begin to occur on an
observable timescale. To further
complicate the issue, THz spectros-
copy and molecular dynamics (MD)
simulations have shown that a dena-
tured protein and random coil peptides
also have a dynamical transition
at ~200 K (9), which was interpreted
as being due to changes in interactions
between side chains and water.
The article by Frank et al. (10), pub-
lished in this issue of the Biophysical
Journal, addresses this phenomenon
using a combination of NMR spectros-
copy and MD simulations to monitor
residue-specific motions in an RNA
molecule composed of two helical re-
gions separated by a three-nucleotide
nonpaired bulge, which acts as a hinge
between the two helices. With this
arrangement, the system can be ex-
pected to have overall rotational diffu-
sion; helices moving relative to each
other; and more local internal motions.
The generalized order parameter S2,
which describes the extent of bond-
vector motions, was computed for a
set of N-H bonds from extensive MD
simulations performed at temperatures
from 50 to 300 K. S2(T) for bond vec-
tors in one helix clearly shows the
expected change in slope at ~240 K,
even when overall motions of the
other helix have been removed from
the simulated trajectories, so that
the dominant remaining motion in the
system is the motion of one helix in
relation to the other.
NMR dipolar relaxation of specif-
ically 15N-labeled nucleotides at select
positions in the helices was then usedto measure S2(T) from 291 to 313 K
as an independent check of the simula-
tion results. To allow the analysis to
separate motions on different time-
scales, one of the helices was extended
by several turns using nonlabeled,
NMR-invisible nucleotides, effectively
rendering the helix immobile on the
NMR timescale. The NMR results
agree very well with the simulations
in the temperature range 290–310 K.
Extrapolating to lower temperatures,
the experimental S2(T) also has a tran-
sition at ~240 K (assuming, based on
fitting to experimental data, that S2 is
composed of two components, associ-
ated with fast and slow motions,
respectively; both of which have
a linear temperature dependence).
Comparison of mean-square atomic
positional fluctuations to published
inelastic neutron scattering data also
gave a satisfactory agreement.
The detailed analysis of the simu-
lated MD trajectories presented by
Frank et al. (10) includes extraction
of global motions through principal
component analysis, as well as spe-
cifics of the motions of individual
bond vectors. The analysis shows that
even in this system, designed to be
simple to interpret, there is motional
heterogeneity along the molecule in
addition to the approximately three-
dimensional hinge-bending motion of
the two helical segments.
There are still unresolved issues
regarding this complex dynamical tran-
sition—for instance, the role of water is
not clarified—but taken together, these
results show that the low-dimensional
hinge motion does indeed have a
dynamical transition at ~230–240 K.REFERENCES
1. Parak, F., E. N. Frolov,., V. I. Goldanskii.
1981. Dynamics of metmyoglobin crystals
investigated by nuclear gamma resonance
absorption. J. Mol. Biol. 145:825–833.
2. Hartmann, H., F. Parak,., H. Frauenfelder.
1982. Conformational substates in a protein:
2756 Nilssonstructure and dynamics of metmyoglobin at
80 K. Proc. Natl. Acad. Sci. USA. 79:4967–
4971.
3. Doster, W., S. Cusack, and W. Petry. 1989.
Dynamical transition of myoglobin revealed
by inelastic neutron scattering. Nature.
337:754–756.
4. Doster, W. 2010. The protein-solvent glass
transition. Biochim. Biophys. Acta. 1804:
3–14.
5. Khodadadi, S., J. H. Roh,., A. P. Sokolov.
2010. Dynamics of biological macromole-Biophysical Journal 108(12) 2755–2756cules: not a simple slaving by hydration
water. Biophys. J. 98:1321–1326.
6. Loncharich, R. J., and B. R. Brooks. 1990.
Temperature dependence of dynamics of hy-
drated myoglobin. Comparison of force field
calculations with neutron scattering data.
J. Mol. Biol. 215:439–455.
7. Norberg, J., and L. Nilsson. 1996. Glass
transition in DNA from molecular dynamics
simulations. Proc. Natl. Acad. Sci. USA.
93:10173–10176.8. Vitkup, D., D. Ringe,., M. Karplus. 2000.
Solvent mobility and the protein ‘glass’ tran-
sition. Nat. Struct. Biol. 7:34–38.
9. He, Y., P. I. Ku, ., A. G. Markelz. 2008.
Protein dynamical transition does not
require protein structure. Phys. Rev. Lett.
101:178103.
10. Frank, A. T., Q. Zhang, ., I. Andricioaei.
2015. Slowdown of interhelical motions in-
duces a glass transition in RNA. Biophys.
J. 108:2876–2885.
